Possibly through their actions upon glia, peroxisome proliferator-activated receptor agonists (PPAR) have been shown to alter the abuse potential of addictive drugs in several preclinical models. The current study extends this research into the human laboratory as the first clinical study into the effects of the PPAR gamma agonist, pioglitazone, on the abuse potential of nicotine. Heavy smokers were recruited for this 3-week study. Upon admission, participants were randomized to either active (45 mg, n = 14) or placebo (0 mg, n = 13) PIO maintenance conditions for the duration of the study. After 5-7 days of stabilization on a 7 mg nicotine patch, participants began laboratory testing. On the 1st-4th test days, participants could self-administer cigarettes or receive money by making verbal choices for either option. On the 5th day, participants were administered 10 puffs of their usual brand of cigarette in the morning and later chose between smoking and money by making finger presses on a computer mouse in a progressive ratio self-administration task. Later on the 5th day participants also underwent a smoking cue exposure session. The 8th-11th test days were identical to the 1st-4th test days with the exception that during one of the test weeks de-nicotinized cigarettes were available, and during the other nicotinized cigarettes were available. Nicotinized cigarettes were always administered on the 5th and 12th days. On some measures PIO increased indicators of abuse potential, though this effect was typically not statistically significant. However, PIO did significantly reduce measures of craving.
Introduction
Cigarette smoking is the leading cause of preventable death in the United States, killing approximately 556,000 Americans each year (United State Department of Health and Human Services, 2014) . The five forms of nicotine replacement therapy (transdermal nicotine, gum, lozenge, nasal spray, oral inhaler) aid in smoking cessation by delivering nicotine in order to reduce withdrawal and craving for tobacco (Jain et al., 2013) . There are two additional FDA-approved pharmacotherapies designed to aid in smoking cessation by reducing withdrawal and craving, and altering the rewarding effects of nicotine. Sustained-release bupropion inhibits dopamine reuptake in the central nervous system and antagonizes nicotinic acetylcholine receptor function (Henningfield et al., 2005; Warner and Shoiab, 2005) . Varenicline is a partial nicotinic acetylcholine receptor agonist that reduces cravings and the pleasurable effects of cigarettes and other tobacco products (Cahill et al., 2013) .
All types of pharmacotherapies help smokers quit, yet, the likelihood of successfully quitting remains low. In clinical trials, continuous abstinence rates at 9-12 weeks for the most efficacious pharmacotherapy, varenicline, have been shown to be between 44 and 56% (Kaur et al., 2009) . Though the percentage of U.S. adults who smoke cigarettes has declined over the last decade, there remains approximately 40 million active smokers in the U.S., and 1.1 billion worldwide (Jamal et al., 2015; World Health Organization, 2016) . There is clearly a need for the continued development of efficacious pharmacological treatments for nicotine dependence.
Many commonly abused drugs have been found to activate glial cells, an effect that has been identified across species (Armstrong et al., 2004; Fantegrossi et al., 2008; Narita et al., 2006; Sekine et al., 2008; Watkins et al., 2005) . The activity of addictive drugs upon glial cells may contribute directly to their subjective and physiological effects, and therefore mediate their abuse potential. Research investigating the effects of pharmacological modulation of glial activity has provided results encouraging of their potential as pharmacotherapies for substance-use disorders (see Cooper et al., 2012 and Bachtella et al., 2017 for a reviews).
One glial modulator being investigated for its utility in treating drug abuse is the peroxisome proliferator-activated gamma receptor (PPARγ) agonist, pioglitazone (PIO). The peroxisome proliferator-activated receptors (PPARs) are a group of nuclear receptor proteins that regulate gene expression via ligand-activated transcription factors (Michalik et al., 2006) . PPARγ agonists, like PIO, inhibit the expression of cytokines by monocytes/macrophages and microglia (Kielian and Drew, 2003) . Preclinical research has also shown that PIO attenuates druginduced dopamine release in the nucleus accumbens, which is an important system in the development and maintenance of addiction (Di Chiara and Bassareo, 2007; Diana, 2011; de Guglielmo et al., 2015) .
The first robust evidence for the role of PPAR agonists in addiction came from rodent studies on alcohol (Le Foll et al., 2013) . PPARγ receptor activation by PIO was found to significantly reduce alcohol/ ethanol consumption, and relapse to alcohol seeking (Ferguson et al., 2014; Stopponi et al., 2011; Stopponi et al., 2013) . Other rodent work has found similarly promising results with opioids, cocaine and methamphetamine (Ciccocioppo et al., 2012; de Guglielmo et al., 2017; Maeda et al., 2007; Miller, 2016) . Concerning preclinical findings with nicotine, PPAR alpha agonists have been found to block nicotine reward and induced reinstatement of drug seeking (Mascia et al., 2011; Panlilio et al., 2012) . Additionally, genetic deletion of neuronal PPARγ has been shown to reduce anxiety evoked by stress exposure and attenuates the expression of somatic and affective nicotine withdrawal symptoms in rodent models (Domi et al., 2016) .
The ability of PIO to alter the effects of nicotine in humans has not been characterized in controlled, clinical laboratory settings. As such, the primary aim of the current study was to examine the subjective and reinforcing effects of nicotine under PIO maintenance [0 (placebo), 45 mg] in daily smokers. Based on the preclinical data, we hypothesized that PIO would decrease indicators of abuse potential. If these hypotheses are supported, PPARγ activation may represent a new pharmacotherapeutic target for the treatment of tobacco use.
Methods

Participant recruitment and selection
Cigarette smokers, not interested in smoking cessation, were recruited using newspaper and online advertisements. After the initial telephone screening, individuals who met preliminary study criteria were scheduled for several in-person screening visits at the New York State Psychiatric Institute (NYSPI). Participants' physical health, mental health, and drug use, were evaluated by a team of psychologists, nurses, and physicians. For participants to be eligible for the study, they needed to meet DSM-IV criteria for nicotine dependence, smoked at least 15 cigarettes per day, with a Fagerstrom score ≥ 5 and carbon monoxide (CO) levels indicating that the participants are, at least, moderate smokers (> 14 parts per million (ppm), Heatherton et al., 1991) . Additionally, participants were required to be between the ages of 21 and 55 years, mentally and physically healthy, and not physically dependent on any drugs other than nicotine or caffeine. All study procedures were approved by the Institutional Review Board (IRB) of the New York State Psychiatric Institute (NYSPI; IRB# 6255; ClinicalTrials.gov Identifier: NCT01395797).
Procedures
Stabilization
Over the course of the 3-week study, participants resided in a secured inpatient unit of the NYSPI. For the first 5-7 days following admission, participants were stabilized on a transdermal nicotine patch and randomized to one of the two PIO conditions for the duration of the trial (0 mg or 45 mg). After stabilization, one 7 milligrams (mg) patch was applied daily at 0800 hours (h) throughout the investigation (Table 1) .
Laboratory testing
At the end of the stabilization week, participants began laboratory testing, which occurred Monday to Friday. Participants completed three types of laboratory sessions over the course of two weeks: verbal choice, progressive ratio (PR) choice, and smoking cue.
Verbal choice sessions
On Monday through Thursday, participants were given an opportunity to choose between $0.50 and 3 puffs on a cigarette every 30 min for 5 h (1000 h, 1030 h, 1100 h, 1130 h, 1200 h, 1230 h, 1300 h, 1330 h, 1400 h, and 1430 h). Participants made a simple "yes" or "no" verbal choice for puffs or money. For half of the choice sessions (Days 1-4 or 8-11), participants smoked de-nicotinized cigarettes and for the other half of the choice sessions, participants smoked cigarettes that contained nicotine. The cigarettes were prepared so they would appear identical in order to maintain a blind to both participants and research staff. The same dose was tested in the procedure for the entire week (i.e. week 1 = active nicotine (nicotinized), week 2 = placebo nicotine (denicotinized)), and the order of nicotinized and de-nicotinized cigarettes was counterbalanced. The de-nicotinized and nicotinized testing phases were included to test for PIO's effects on extinction. No order effects related to this variable were found. Jones et al. Pharmacology, Biochemistry and Behavior 163 (2017) (Table 2 ). In the morning "sample" session (1000h), participants were administered $5 and a cigarette containing nicotine (10 puffs of their usual brand of cigarettes) followed by various assessments of subjective effects, performance tasks, and impulsivity measures (discussed below). These data were collected at baseline and at various time points up to 90 min after smoking the cigarette. Vital signs were continuously monitored during all sessions. During a later "choice" session (approximately 1400 h), participants were given the opportunity to respond for up to $5 or 10 puffs on their usual brand of cigarettes after completing a 10-trial task. During each trial, participants worked for $0.50 or 1 puff on a cigarette. The number of responses (finger presses on a computer mouse) required to receive the first puff was 10, followed by 20, 40, 80, 160, 320, 640, 1280, 2560 , and 5120 responses. They had 1 h to complete the task. At the end of the task, participants received whatever fraction of the money or puffs that they earned. They were told that the option to smoke a cigarette would not be available for the remainder of the day.
Cue sessions
At approximately 1300 h of the Friday session, participants completed a drug "cue exposure" session. Two opaque pitchers were placed on the participant's desk at the beginning of the session. Hidden under one pitcher was a glass and a bottle of spring water. An unopened pack of their favorite brand of cigarettes, lighter, matches, and an ashtray were hidden under the second pitcher. During the cue session, participants were first shown the water bottle and asked to look at, hold and sniff it, and take a drink of the water inside. After a 5-minute relaxation period, participants were visually exposed to the smoking cues. A research nurse subsequently instructed participants to open their pack of cigarettes and take one out. They were then instructed to hold the cigarette in their mouth, then hold it in their hand, light it up without placing in their mouth, hold it directly in front of them without smoking, and then finally extinguish it in the ashtray.
Measures
Subjective effects
Five questionnaires were used to assess subjective drug effects and craving. The drug effects questionnaire (DEQ) was used to measure drug effects. Participants selected among a series of possible answers ranging from − 4 ('Very Bad') or 0 ('No Effect'), up to 4 ('Very Good Effect'). The Nicotine Effects Battery (NEB) assessed similar drug effects using a 0-100 mm Likert Scale. Participants rated each item on a scale from 'Not at all' (0 mm) to 'Extremely' (100 mm). A visual analog scale (VAS) also used the same anchors to query subjective and physiological drug effects such as "I feel mellow" and "I feel anxious". A shortened version of the Questionnaire of Smoking Urges (QSU) was used to assess craving for cigarettes (Tiffany and Drobes, 1991) . Finally, during the cue session, participants used a 5-point Likert scale to rate the degree to which they experienced events such as "salivating" and "trembling" while manipulating the smoking paraphernalia.
Physiological effects
For safety, heart rate, and blood pressure (systolic and diastolic) were continuously monitored during sessions. During the cue-exposure sessions, galvanic skin response (GSR), skin temperature, and heart rate were assessed immediately before and after active and neutral smoking cue presentation, using an MP100 Telemetry System (Biopac Systems, Santa Barbara, CA). These measures were used as indicators of autonomic arousal (Mendes, 2009 ). 
Drugs
Pioglitazone hydrochloride (Actos®) tablets (15 mg) were provided by the OMEROS Corporation (Seattle, WA). PIO was over-encapsulated and administered in identical size 00 capsules (manufactured by Capsugel®) in order to maintain a dosing blind. Each daily dose consisted of 3 capsules of active drug and/or lactose-filled placebo, depending on the final target dose (e.g. 45 mg = three 15 mg tablets; 0 mg = three 0 mg tablets). The 3 tablets were administered at 2000 h by a research nurse.
Cigarettes (e.g., Quest 1 and Quest 3 or equivalent brand) used during Verbal Choice sessions were obtained from Vector Tobacco (Mebane, NC). Some of the cigarettes contained nicotine (Quest 1, Vector Tobacco, Mebane, North Carolina) and some were de-nicotinized (Quest 3). Nicotine patches (Nicotine Transdermal System) were obtained from Novartis Pharmaceuticals (Parsippany, New Jersey). All drugs were prepared by the NYSPI Pharmacy.
Statistical analyses
A priori power analyses were conducted using nQuery Advisor®, Statistical Solutions, to ensure that effects on the outcome measures of interest could be suitably detected. Estimates for our primary measure of reinforcing effects were obtained from a recently completed trial using similar verbal choice procedures. The targeted sample size of 20 per arm was calculated to provide 80% power to detect a 26% betweengroup difference in average percentage of drug choice, which is an effect size of 0.65. This assumes a standard deviation of 28%. The sample size goal of 40 completers was also estimated to provide 80% power to detect a 500-point between-group difference in progressive ratio breakpoint values, which is an effect size of 0.64. This assumes a standard deviation of 594, and a between-level correlation of 0.60. This difference was used because we anticipated a fairly small difference in the effects of PIO on drug self-administration. Estimates of positive subjective effects were also considered. Twenty completers per arm in each study calculated to provide 83% power to detect a 15-mm difference in ratings of "Liking" as measured by the VAS. This analysis assumes a common standard deviation of differences of 16 mm (e.g., effect size of 0.66).
Categorical and continuous demographics variables were summarized descriptively and compared between the 0 and 45 mg PIO conditions using the chi-square (X 2 ) or t-tests, respectively. The primary statistical analyses were comparisons of acute drug effects and selfadministration (from Day 5/Friday session) following placebo (0 mg) and active (15 & 45 mg) PIO maintenance. These comparisons were made using analysis of variance (ANOVA) evaluating peak drug effect (maximal drug effect throughout the session). Independent-samples ttests were also used to compare PR breakpoint between active and placebo PIO groups. This same method was used to compare mean autonomic arousal following presentation of neutral and active smoking cues. ANOVA was employed to compare nicotine choices between 45 mg and 0 mg PIO groups during the preceding 4 days (Mon-Thurs). Tukey's HSD post-hoc tests were used to identify significant differences between PIO groups. For all analyses, the significance level of α was set at < 0.05. All data analyses were performed using SPSS version 18 (SPSS, 2009) and SuperANOVA (Gagnon et al., 1990) .
Results
Participants
A total of 42 smokers were enrolled in the current study. Sixteen participants were randomized into the PIO 45 mg group with 14 completers. One participant was discontinued due to an elevation in liver function tests, and a second after learning she was pregnant. Sixteen participants were randomized into the PIO 0 mg group. One participant was discontinued due to an elevation in liver function tests, one participant withdrew because they could not tolerate the boredom and confinement of the inpatient unit, and one participant was discontinued for unreported reasons. Table 3 displays the major demographic variables for completers of both groups. Ten enrolled participants were included in a 15 mg PIO condition. Enrollment into the 15 mg PIO condition was ceased prior to the end of the grant period in order to increase the sample sizes of the 0 and 45 mg conditions. Of the 10 participants enrolled in the 15 mg condition, 5 completed. The data from these participants are presented in Table 4 , but were not included in the comparative statistical analyses due to the potentially biasing effect of such a small sample size. 
Reinforcing effects
During the first 4 days of testing, nicotinized cigarettes were selfadministered at a greater rate in comparison to de-nicotinized cigarettes; this difference did not meet statistical significance. The reinforcing effects of both types of cigarette were maintained throughout the four days of testing ( Fig. 1: upper panel) . This pattern did not vary as a function of the PIO maintenance condition. On Day 5 (Friday) when participants chose between nicotinized cigarettes and money using a progressive ratio choice procedure, moderate drug breakpoints were observed under all conditions tested. The reinforcing effects of nicotine did not significantly vary as a function of the availability of nicotinized or de-nicotinized cigarettes the preceding week or PIO maintenance ( Fig. 1: lower panel) .
Positive subjective effects
The subjective effects of nicotine (10 puffs of the participants' usual brand of cigarettes) were assessed during the Day 5 sample session that following a week of self-administration of either de-nicotinized or nicotinized cigarettes. In comparison to the pre-dose baseline (−60 min), peak post-dose ratings of "Good" drug effect were significantly increased as measured by the DEQ and VAS scales (p's < 0.05). A similar increase was found on the DEQ ratings of drug "Liking," (p < 0.05). The NEB, which was only administered at 2 and 10 min post dose, also found robust ratings of "Liked" the dose were also found on the NEB measure (> 50 out of 100). No effect of PIO maintenance condition or the previous week of de-nicotinized vs nicotinized cigarette self-administration was found on these measures. NEB-measured reports of "High" were also generally robust (> 60) and greater for participants in the 45 mg PIO condition. This difference was only statistically significant following a week of active nicotine self-administration (p < 0.05). In comparison to pre-dose measurement, VAS ratings of "High" increased following smoking. However, the increase only reached statistical significance following a week of nicotinized cigarette self-administration (Fig. 2) . PIO typically increased indicators of abuse potential, though this effect only met statistical significance on a single NEB measure (Fig. 2) .
Aversive subjective effects
Aversive drug effects were assessed using the VAS items of "Depressed" and "Anxious," along with the DEQ measure of "Bad" drug effect. Ratings on all three measures were minimal and did not differ significantly from baseline. These measures were not affected by the previous week's drug (de-nicotinized vs nicotinized) or PIO a Mean baseline (BSL) or mean peak (PK: maximal drug effects throughout the session). b Not measured at baseline. c Mean trough (TH): minimum drug effects throughout the session. Fig. 1 . Self-administration ( ± SEM) of de-nicotinized and nicotinized cigarettes for the pioglitazone (PIO) 0 mg (n = 13) and PIO 45 mg (n = 14) conditions, assessed using the verbal choice procedure during Days 1-4 (upper panel). Self-administration ( ± SEM) of nicotinized cigarettes on Day 5 using a progressive ratio procedure following 4 days of access to denicotinized and nicotinized cigarettes. Fig. 2 . Mean ( ± SEM) ratings of "Good" drug effect and "High" for the pioglitazone (PIO) 0 mg and PIO 45 conditions in response to experimenter-administered nicotine on Day 5, following 4 days of access to de-nicotinized and nicotinized cigarettes. * indicates a significance level < 0.05. Pharmacology, Biochemistry and Behavior 163 (2017) 90-100 maintenance.
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Craving
For participants in the PIO 0 mg condition, nicotine administration failed to affect QSU measures of drug craving ("Urge," "Desire" and "Want"). Conversely, for those in the PIO 45 mg group we observed a decreased in measures of craving following the administration of nicotine. This effect only reached statistical significance following a week of self-administration of nicotinized cigarettes (Fig. 3) . Fig. 4 . Mean ( ± SEM) measures of blood pressure and heart rate on Day 5, following 4 days of access to de-nicotinized and nicotinized cigarettes. 
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Pharmacology, Biochemistry and Behavior 163 (2017) 90-100 3.6. Subjective response to smoking cues During the cue sessions, presentation of active smoking cues (vs neutral cues) slightly increased all QSU measures of craving. Similarly, smoking cues slightly increased the participants' assessments of their own "Sweating Hands," "Salivating," "Faster Heart Rate," "Heavy Stomach," and "Trembling." Manipulating smoking paraphernalia also slightly increased VAS measure of "Anxious," while having no effect on measures of "Depressed" and "Mellow." None of the aforementioned differences met statistical significance, and no effect of PIO maintenance condition or the previous week of de-nicotinized vs nicotinized cigarette self-administration was found.
Physiological response to smoking cues
Assessment of autonomic arousal during the cue session revealed that smoking cues (vs neutral cues) increased skin conductance. Following a week of de-nicotinized cigarette access, this increase did not meet statistical significance for either PIO condition. Following a week of access to nicotinized cigarettes, the increase only met statistical significance for those in the PIO 45 mg condition. Smoking cues had no observable effect on heart rate or skin temperature.
Safety measures
No PIO treatment effect was observed for the heart rate and blood pressure measurements obtained during the week or during the Friday experimental sessions (Fig. 4) . The study medication was well tolerated. No serious adverse events were reported and no adverse events were determined to be "probably" or "definitely" related to the study medication or led to discontinuation of the study medication.
Discussion
The current study sought to determine whether pioglitazone, a PPARγ agonist and glial modulator, would alter the subjective and reinforcing effects of smoked nicotine in our sample of heavy smokers. The reinforcing effects of both de-nicotinized and nicotinized cigarettes were maintained throughout the four days of testing in both PIO conditions, thus, PIO did not alter the rate of extinction responding over this relatively short period of observation. Had a more challenging selfadministration procedure been employed, in lieu of the simple verbal choice, we may have been able to observe a decrease in drug self-administration over the 4 days.
The progressive ratio self-administration procedure on Day 5 only assessed responses to active nicotine and required participants to make hundreds of responses to receive drug. A moderate breakpoint was observed that was typically greater following a preceding week of smoking nicotinized cigarettes; no effect of PIO maintenance was found. We also did not observe an effect of PIO on direct assessments of the positive or negative subjective effects of experimenter-administered nicotine during this session (10 puffs of their usual brand of cigarette). In comparison to pre-dose baseline, nicotine significantly increased ratings on measures of good drug effect and liking. Participants reported relatively minimal aversive nicotine effects that did not differ from baseline. For participants in the PIO 0 mg condition, nicotine administration failed to affect QSU measures of craving. Meanwhile, those maintained on 45 mg of PIO showed significant decreases in craving, but these effects on craving were only found following a preceding week of smoking nicotinized cigarettes.
The current data suggest that PIO may aid in the satiation of nicotine craving. These clinical observations are consistent with preclinical studies showing that PPARγ agonists blocks reinstatement of heroin-, cocaine-and alcohol-seeking in animal models (Ciccocioppo et al., in preparation; Le Foll et al., 2013; Miller, 2016; Schmitz et al., 2016; Stopponi et al., 2011) . The repeated finding of differences in our measures of interest only following a week of smoking nicotinized cigarettes, may suggest a direct physiological effect of nicotine upon their underlying neurobiological mechanisms.
The lack of a significant effect on the study's measures of abuse potential (e.g., drug self-administration, positive subjective effects) is inconsistent with preclinical findings with nicotine. Though this work has primarily focused on PPAR alpha agonist (as opposed to gamma), studies have shown significant attenuation in acquisition and maintenance of self-administration, along with reduced reinstatement to nicotine seeking (Panlilio et al., 2012; Mascia et al., 2011) . These differences in PPAR agonist efficacy may be the result of the different PPAP receptor targets, or the unique complexity of drug use behavior among humans.
This investigation also attempted to assess the ability of PIO to reduce reactivity to smoking cues. However, the cue exposure procedure we employed produced only marginal psychological and physiological arousal. One parametric condition that is likely responsible for this finding is the dosing of nicotine in the sample session prior to the cue session. Because of concerns with the overall duration of this inpatient study (3-4 weeks), these two types of sessions were combined in a single day. As a result, participants would have received an administration of nicotine (10 puffs of their usual brand of cigarette) within hours of completing the cue-exposure task. In other studies, the acute administration of nicotine has been found to reduce intentions to smoke and withdrawal-related cravings to a greater extent than placebo among dependent smokers (McGrath et al., 2015) . We believe that a greater period of nicotine abstinence preceding the session would greatly increase the salience of the smoking cues. Therefore, the investigators feel that we did not produce a sufficient cue effect upon which PIO could act. Based on the ability of PIO to alter craving during other laboratory sessions, its effects on cue-induced craving should be reassessed, independently of nicotine administration. However, the authors would like to note that the effect size of differences in craving were robust, despite this relatively short abstinence period.
The predictive validity of reductions in craving in the laboratory, to a medication's treatment potential outside of the laboratory, has been less well defined in comparison to reductions in self-administration. As such, the clinical significance of our findings is less clear. However, an effect upon craving may be clinically significant as field studies indicate that such cue-induced cravings are significant contributors to relapse to smoking (Ferguson et al., 2006; Killen and Fortmann, 1997; Shiffman et al., 1997) .
There is also data to suggest that a longer PIO maintenance period would lead to a more robust effect. Another pilot clinical study of PIO for cocaine use disorder found that 12 weeks of PIO maintenance (45 mg/day) significantly reduced craving for cocaine (Schmitz et al., 2016) . PIO dosing parameters (duration and mg amounts) for the current study were based on its clinical utility for treating diabetes, which may not be related to its effects on glia. Additionally, as research has shown that patients motivated to quit drug use react differently to potential treatment medications; our use of a sample not interested in quitting smoking may have affected our findings (Wells et al., 2010; Tai et al., 2010) . For ethical reasons, laboratory drug-choice studies typically do not enroll treatment-seeking participants (Fischman and Johanson, 1998) .
Another design feature that may have adversely affected our ability to observe an effect of PIO was the nicotine patch maintenance. Nicotine replacement therapy has been shown to reduce craving and nicotine use; therefore the PIO effect may have been masked by the effect of the nicotine maintenance (Cahill et al., 2013) . Because PIO has been found to reduce stress-evoked anxiety and manifestation of nicotine withdrawal symptoms in preclinical studies, future studies should assess the effects of PIO during states of abstinence, rather than in the presence of nicotine. Additionally, due to of its preliminary nature, this study also failed to account for sex differences. There is converging evidence across multiple studies suggesting that sex is a mediating factor in the efficacy of pharmacological interventions for smoking cessation (Smith et al., 2016) .
Finally, we did not meet the recruitment goals outlined in our power analysis. Therefore, the study may have been underpowered to detect some differences between the groups. Yet, despite the smaller than anticipated number of completers, the effects sizes related to PIO's effects on craving were medium-to-large (Cohen's d effect sizes: 0.5-0.9). As the first of its kind, this study provides a point of reference for powering future investigations into the therapeutic potential of glial modulators to. All of the limitations mentioned above reflect the difficulty in designing these types of first-in-human trials.
In sum, there is strong evidence that PPARγ receptors and glial-inhibiting compounds in general may play a role in the neurobiological systems important in the various phases of addiction (Cooper et al., 2012; Bachtella et al., 2017) . Therefore, medications like PIO may potentially be therapeutically exploitable as novel addiction pharmacotherapies (Cooper et al., 2012; Diana, 2011; Le Foll et al., 2013) . Although the effects seen in the current study are limited, as the first clinical investigation for this indication, they are encouraging and provide a direction for further inquiry.
